Although liganded nuclear receptors have been established to regulate RNA polymerase II (Pol II)-dependent transcription units, their role in regulating Pol III-transcribed DNA repeats remains largely unknown. Here we report that ~2-3% of the ~100,000-200,000 total human DR2 Alu repeats located in proximity to activated Pol II transcription units are activated by the retinoic acid receptor (RAR) in human embryonic stem cells to generate Pol III-dependent RNAs. These transcripts are processed, initially in a DICER-dependent fashion, into small RNAs (~28-65 nt) referred to as repeat-induced RNAs that cause the degradation of a subset of crucial stem-cell mRNAs, including Nanog mRNA, which modulate exit from the proliferative stem-cell state. This regulation requires AGO3-dependent accumulation of processed DR2 Alu transcripts and the subsequent recruitment of AGO3-associated decapping complexes to the target mRNA. In this way, the RAR-dependent and Pol III-dependent DR2 Alu transcriptional events in stem cells functionally complement the Pol II-dependent neuronal transcriptional program. DR2 signature sequence in some Alu repeats suggests a potential interaction of DNA repeats and nuclear receptors.
a r t i c l e s
Nuclear receptors are a cohort of transcription factors that are involved in many crucial biological processes, such as development, metabolism and tumorigenesis 1, 2 . They are usually activated by their respective ligands and subsequently regulate RNA Pol II-dependent transcription of target genes in conjunction with a group of cofactors called the coactivator-co-repressor complex. The target genes usually harbor specific response elements in their regulatory regions that are recognized and bound by nuclear receptors.
RARs are essential for embryonic development, neural specification and homeostasis 2, 3 and have three homologs, RAR-α, RAR-β and RAR-γ, which respond to both all-trans retinoic acid (atRA) and 9-cis-retinoic acid. RAR forms a heterodimer structure with retinoid X receptor. The ligand-activated RAR-retinoid X receptor structure functions as an activator for transcription, whereas unliganded RAR acts as a transcription repressor, a role that is attributed to its interaction with the canonical nuclear receptor co-repressor (NCoR) and the closely related silencing mediator for retinoic acid and thyroid hormone receptors (SMRT) 4, 5 . After atRA binds to the receptor, NCoR and SMRT are dismissed, which is accompanied by the recruitment of coactivators, and RAR switches to an active state to regulate target gene transcription in a Pol II-dependent manner 6 .
Notably, in the human genome, protein-coding regions account for only ~2% of the DNA content 7 , whereas ~47% of the genome can be classified into numerous types of repetitive elements, such as long interspersed elements (LINEs), short interspersed elements (SINEs), SVAs (SINE-R, variable number of tandem repeats and Alu), long terminal repeats or satellite repeats. Previously, these DNAs had been referred to as 'junk' DNAs in human cells 8 , as no definitive functions had been fully identified. However, many emerging lines of evidence suggest that these DNA repeats could actually represent overlooked sequences that have tremendous influence on cells, including the integrity of human genome, gene expression regulation and development 9 . In particular, there are over one million copies of the ancient 7SL-derived retrotransposons, called Alu elements, embedded in both intragenic and intergenic regions of the human genome. The Alu elements first diverged from the 7SL elements around 65 million years ago and have evolved into multiple subfamilies: AluJ, AluS and AluY 10 . These repeats are about 300 bp in length and contain the A and B boxes of an internal promoter for RNA Pol III 11 . Typically, as a result of a basal level of transcription, a human cell contains a few hundred to a thousand copies of Alu transcripts 12 , the biological role of which has not been well appreciated. Recently, some bioinformatics analyses predicted that a great number of Alu repeats contain potential binding sites for specific transcription factors 13, 14 , including one subset of Alu repeats that harbors the characteristic 6-bp core RAR binding site (direct repeat) spaced by two nucleotides called the DR2 element 14 . We refer to this subset of Alu repeats as 'DR2 Alu' here. Indeed, the presence of the biotin-conjugated oligonucleotide probes in a northern blot analysis, we confirmed that levels of DR2 Alu transcripts increased in response to atRA treatment (Fig. 1c) . Consistent with the previous observation that ~75% of Pol II-regulated coding genes are flanked by Alu elements 17 , we noted that Hox clusters are flanked by DR2 Alu repeats ( Supplementary Fig. 1a,b) . Chromatin immunoprecipitation (ChIP) revealed an atRA-dependent increased binding of RAR-β, Pol III and general transcription factor 3C (TF3C) to the DR2 Alu repeats flanking within ~15 kb of Hox clusters ( Fig. 1d and Supplementary  Fig. 1c,d) . Consistently, RAR knockdown, RNA Pol III knockdown or treatment with Tagetin, a specific inhibitor of Pol III 18 , abolished the induction of DR2 Alu repeats, as determined by northern blot and qRT-PCR (Fig. 1e) , indicating that atRA-induced DR2 Alu activation is dependent on RAR and Pol III.
We next examined whether atRA-induced DR2 Alu transcription also occurred in hESCs. The qRT-PCR assays showed that DR2 Alu transcription was indeed induced by atRA in H9 hESCs (Fig. 1f) . In contrast, we did not observe induced DR2 Alu transcription in HeLa cells, U2OS cells or human lung fibroblasts, even though we confirmed the efficacy of the atRA-RAR pathway in each of these cell lines by showing RAR-β expression in each (Supplementary Fig. 1e ). These data indicated that the robust atRA-dependent DR2 Alu activation was unique to stem cells and was not present in terminally differentiated cells. To explain this specificity, we performed ChIP assays to assess the binding of RAR, Pol II and Pol III to targeted DR2 Alu repeats in U2OS cells. The data showed that atRA did not cause any significant recruitment of these factors to DR2 Alu elements in U2OS cells (Supplementary Fig. 1f) .
To investigate the extent of the atRA-induced activation of DR2 Alu transcription, we performed genome-wide RNA sequencing at 36, 50 or 76 cycles to obtain sufficient resolution for the assignment a r t i c l e s npg a r t i c l e s of repetitive sequences. These data sets suggested that at least ~2-3% of the estimated 100,000-200,000 total DR2 Alu repeats are activated by atRA in Ntera2 cells and are distributed among various classes of DR2 Alu repeats, mostly 'middle-aged' classes of DR2 Alu repeats (Supplementary Fig. 2a ). Our initial sequencing data also suggested that a key, correlated feature determining DR2 Alu activation might be proximity to an active Pol II transcription unit ( Supplementary  Fig. 2b ), as has been similarly implied by other genome-wide profilings 19,20 . This was exemplified by the observation that DR2 Alu repeats <10 kb from HoxA1 could be activated by atRA, whereas those located ~20 kb from HoxA1 did not show retinoic acid-induced activation (Supplementary Fig. 2c ). For the HoxA13 locus, the proximal (~18 kb from HoxA13) DR2 Alu repeat was activated by atRA, whereas the distal repeats (~28-31 kb away) were not (Supplementary Fig. 2c ). These findings provoked the more generalized question of whether active transcription of DR2 Alu repeats depends on activation of the adjacent Pol II transcription unit. We investigated this point using the heat shock protein 70 (Hsp70) locus, which can be activated by heat-shock stimulation 21 . We found that the two DR2 Alu repeats located within 10 kb of Hsp70 showed some detectable activation after heat shock and in response to atRA treatment (Supplementary Fig. 2d ), but when we exposed the cells to the atRA treatment and then heat shock, the DR2 Alu repeats showed a significant (P < 0.01), combinatorially enhanced induction of transcription. In contrast, we found no such effects for the HoxA1Alu element (HoxA1-AluSq) repeat ( Supplementary  Fig. 2d ). Given that heat shock did not trigger HoxA1 transcription, these data suggest that, although RAR binds directly onto the DR2 sequence embedded in the Alu repeats near Hsp70, their transcriptional activity is highly augmented by activation of the adjacent Pol II-dependent Hsp70 transcription unit.
DR2 Alu transcripts are further processed into small RNAs
To explore whether DR2 Alu transcripts are subsequently relocated to the cytoplasm, we performed RNA fluorescence in situ hybridization (FISH) using a degenerate probe to DR2 Alu transcripts and found accumulation of DR2 Alu transcripts encircling the nucleus (Supplementary Fig. 2e, left) . Given the potential distortion of cellular structures during the preparation of cells for RNA FISH, we designed specific molecular beacons 22 that contained a degenerate complementary sequence to DR2 (ref. 14) . By introducing the beacons into live cells pretreated with atRA for 24 h, we observed a prominent increase in DR2 Alu transcripts in the perinuclear and cytoplasmic regions ( Supplementary Fig. 2e, right) . In contrast, we did not observe detectable atRA-induced signals in HeLa or U2OS cells, which confirmed a cell-lineage specificity of induced DR2 Alu transcription ( Supplementary Fig. 2f ). Because the transported DR2 Alu transcripts clustered in the cytoplasm (Supplementary Fig. 2e ) in a pattern reminiscent of cytoplasmic structures such as P bodies 23 , Fig. 2g,h ).
Given that P bodies serve as sites for RNA processing, we next explored the possibility that the DR2 Alu transcripts might be processed into smaller RNA moieties. Bioinformatics analysis of small RNA databases 24 revealed that some small RNAs might be derived from DR2 Alu repeats. Hence, we performed small RNA sequencing in atRA-treated Ntera2 cells with the Illumina platform. By aligning the sequencing data to all subclasses of the DR2 Alu repeats using the Novoalign program, we found that atRA-treated Ntera2 cells contained DR2 Alu-derived small RNAs varying in length from ~28 nt to ~65 nt and mapped largely to the 5′ region of the repeat, and we assigned these small RNAs to each subclass of DR2 Alu from which they originated (Fig. 2a) . Although the Illumina Small RNA Kit introduced a strong artifactual bias toward RNAs <30 nt, northern blot analysis revealed a much higher level of longer RNA products (~40-65 nt) in atRA-treated cells (Fig. 2b) . We refer to this heterogeneous population of small RNAs as riRNAs, with some ~30-nt sequences being classified potentially as PIWI-interacting RNAs (piRNAs) 25 .
Consistent with the observation that DR2 Alu transcripts colocalized with AGO3 ( Supplementary Fig. 2g ), biotin labeling of AGO3-associated RNAs revealed that AGO3 was associated with an atRA-induced species of small RNAs sized ~30-60 nt that was suggestive of riRNAs, as well as with putative microRNAs (miRNAs) and small interfering RNAs (siRNAs) (Fig. 2c) . Northern blot, RT-PCR, qRT-PCR and biotinylated oligonucleotide pull-down assays confirmed interactions between AGO3 and DR2 Alu transcripts or riRNAs (Fig. 2d) .
Accordingly, we also explored the role of DICER in the potential processing of atRA-induced DR2 Alu transcripts into riRNAs. Using specific siRNAs, we found that in DICER-knockdown Ntera2 cells, riRNA generation was abolished, as determined by northern blot analysis, and concurrently, the accumulation of full-length DR2 Alu transcripts was increased (Fig. 2e) . These effects were reversed by overexpression of wild-type, but not slicer-deficient, DICER constructs 26 in DICER-knockdown cells (Fig. 2f ) . Although this implied that the slicing activity of DICER is initially involved in DR2 Alu processing, given the current knowledge of DICER enzymology and structure, we cannot exclude the interpretation that these observations could reflect an indirect effect. Notably, we observed partial colocalization of DR2 Alu RNAs and DICER in the cytoplasm of atRA-treated
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Ventx Philda1 Nanog Tdgf1 (Supplementary Fig. 2i ). Indeed, two recent articles reported an essential role of DICER in preventing cytotoxic accumulation of Alu transcripts, which leads to geographic atrophy 27, 28 . We next examined the potential roles of AGO1-AGO4 and PIWIL1-PIWIL4, which are expressed in Ntera2 cells ( Supplementary  Fig. 3a) , in the processing of full-length DR2 Alu RNAs. We knocked down these eight individual argonaute homologs with specific siRNAs and found that only AGO3 knockdown blocked the generation of riRNAs using northern blot (Fig. 2g, left) . Remarkably, the levels of full-length DR2 Alu RNAs also decreased substantially in AGO3-knockdown cells (Fig. 2g, right) , indicating that AGO3 is involved in maintaining the levels of full-length DR2, as well as riRNAs once generated in a DICER-dependent manner. This observation is consistent with previous reports that AGO3 lacks intrinsic enzymatic activity 29, 30 .
To better understand the newly identified role of AGO3 in accumulating and maintaining DR2 Alu transcript levels, we adopted a microinjection strategy, as described previously 31 . We first transfected Ntera2 cells with either control siRNA or siRNA against AGO3 and then microinjected them with either full-length DR2 Alu or a 68-nt synthesized riRNA oligonucleotide. We then harvested the cells at different time points and subjected them to qRT-PCR analysis. We found that the injected full-length DR2 Alu or riRNAs remained stable at the time points examined in cells transfected with control siRNA cells, whereas in AGO3-knockdown cells, there was a rapid loss and degradation of the injected RNAs and oligonucleotides, indicating that AGO3 is involved in maintaining and stabilizing the level of Alu RNAs in cells (Fig. 2h and Supplementary Fig. 3b) . Indeed, a recent study described a similar stabilizing role of AGO2 in maintaining miRNA levels 32 .
To confirm this, we transfected Ntera2 cells with siRNA against AGO3 or DICER and then with full-length DR2 Alu or the 68-nt riRNA oligonucleotide 48 h later for another 4 h. We then immediately harvested the cells and analyzed the RNAs using qRT-PCR. Again, we found that in AGO3-knockdown cells, there were much lower levels of the introduced full-length DR2 Alu or riRNA oligonucleotides than were present in mock-transfected cells (Supplementary Fig. 3c ). In contrast, the level of introduced riRNA oligonucleotide was largely intact in DICER-knockdown cells (Supplementary Fig. 3c) , consistent with the data that DICER is involved in the initial processing of full-length DR2 Alu transcripts.
Post-transcriptional regulation of target mRNAs by riRNAs
Given that riRNAs contain a consensus sequence, after BLAST analysis and TranspoGene database mining, we hypothesized that they might exert functions that are somewhat comparable to those of miRNAs, possibly targeting some mRNAs by recognition of complementary sequences. Indeed, bioinformatics analyses of the RNA sequencing data further revealed that among genes downregulated by atRA, ~79 mRNAs contain complementary sequences to riRNAs in their 3′ UTRs. This list includes many mRNAs of genes with known functional roles in embryogenesis, the regulation of programmed cell death and cancer (Supplementary Fig. 3d) . We selected 20 genes downregulated by atRA and confirmed 18 of them as being downregulated by atRA using qRT-PCR ( Supplementary  Fig. 3e ). We chose five key genes involved in stem-cell maintenance, regulation of cell proliferation and apoptosis-Nanog 33 Fig. 3a and Supplementary Fig. 3f ). RNA immunoprecipitation confirmed that AGO3 was recruited to the 3′ UTRs of Nanog and Tdgf1 mRNAs in an atRA-and Alu-dependent manner (Fig. 3b) .
To further explore how riRNAs may potentially regulate mRNAs, we first examined the effect of DICER knockdown on the expression of these genes. We found that atRA-mediated downregulation of these transcripts was either inhibited or abolished by DICER knockdown (Supplementary Fig. 3g) . Similarly, in cells transfected with the AGO3 siRNA, downregulation of these transcripts was also reversed (Fig. 3c and Supplementary Fig. 4a ). The observation that AGO3 knockdown only partially, although statistically significantly, restored the Nanog mRNA level can be explained by the observation that the Nanog transcription unit shows an NCoR-dependent, putatively transcriptional repression in response to atRA in ChIP assays (Supplementary Fig. 4b) . The dual regulation of Nanog transcript levels was further supported by the decreased reads of the histone H3 Lys36 trimethylation (H3K36me3) mark, a marker for an actively transcribed region, across Nanog using ChIP sequencing (ChIP-Seq) (Supplementary Fig. 4c ). In contrast, some transcription units, such as Phlda1, were not regulated at the transcriptional level, as shown by unaltered tag reads in either ChIP-Seq for H3K36me3 or global nuclear run-on sequencing (GRO-Seq) assays 38 ( Supplementary  Fig. 4c) . Notably, knockdown of AGO1, AGO2, AGO4 or PIWIL1-PIWIL4 had no effect on repression of these transcripts by atRA (Supplementary Fig. 5a-d) , implying that AGO3 has a unique role in atRA-mediated downregulation of target mRNAs.
We then examined the effects of overexpression of DR2 Alu repeats on the levels of the selected transcripts. Notably, overexpression of showing that when the putative ~50-bp riRNA targeting sequence was deleted from the Ventx or Nanog 3′ UTR luciferase reporters (mutVentx and mutNanog, respectively), they no longer responded to atRA treatment or overexpression of full-length AluSx or riRNAs. (c) In luciferase assays using the wild-type Nanog 3′ UTR luciferase reporter, knockdown of AGO3 and DR2 Alu restored the luciferase activity in the presence of atRA. All data shown are the mean ± s.e.m., n ≥ 3. *P < 0.05, **P < 0.01. npg a r t i c l e s a specific DR2 Alu repeat (AluSx, chromosome 7: 27,093,354-27,093,650 nt in hg18) in Ntera2 cells mimicked the action of atRA in reducing the levels of the selected transcripts (Fig. 3d) , and introduction of synthetic riRNAs, either a long sequence (56 nt; Fig. 3e ) or a short species (26 nt; Supplementary Fig. 5e ), into Ntera2 cells produced similar effects. However, when we co-transfected riRNAs or AluSx-expressing constructs with siRNAs against AGO3, the repression on these genes was reversed (Supplementary Fig. 6a,b) . In contrast, DICER knockdown did not affect the riRNA-mediated transcript downregulation (Supplementary Fig. 6c ). These data again imply that, whereas DICER exerts its function on the initial processing of full-length DR2 Alu, AGO3 potentially helps maintain the levels of the riRNAs that post-transcriptionally regulate target genes. Depletion of DR2 Alu transcripts by two generic siRNAs abolished retinoic acid-induced downregulation of these genes (Fig. 3f) . We also found that knockdown of DROSHA1 and DGCR8 did not affect the transcript levels of these genes (Supplementary Fig. 6d,e) , indicating that biogenesis of riRNAs follows a distinct mechanistic pathway from that of miRNAs.
To confirm that riRNAs mediate gene expression at posttranscriptional levels, we cloned the 3′ UTRs of Tdgf1, Ventx and Nanog mRNAs into the pMIR luciferase vector and performed luciferase assays in Ntera2 cells. We found that overexpression of full-length DR2 Alu or riRNAs decreased the luciferase activities of these constructed reporters (Fig. 4a) . To confirm that the targeting of the 3′ UTRs by the riRNAs was essential for the observed effects, we deleted the 50-nt complementary sequences to riRNAs from the 3′ UTRs of Ventx or Nanog and then performed the luciferase assays. We found that the DR2 Alu-dependent or riRNA-dependent decrease in luciferase activities was abolished (Fig. 4b) . Notably, cotransfection of siRNA against AGO3, Alu or DICER with the wild-type Nanog luciferase construct abolished the atRA-induced decrease in luciferase activities (Fig. 4c) . These data confirmed that full-length DR2 Alu and riRNAs can act post-transcriptionally to decrease the levels of RNAs that harbor complementary sequences in their 3′ UTRs. In a reciprocal assay, we 'neutralized' the post-transcriptional function of riRNA by cotransfecting both riRNA and an antisense oligonucleotide of riRNA into Ntera2 cells and found that the riRNA-mediated downregulation of target mRNAs was abolished (Supplementary Fig. 6f) . Together, these observations support that riRNA and its complementary sequence in the 3′ UTR potentially have a role in post-transcriptional regulation.
riRNA-mediated downregulation through the decapping complex
To further clarify the mechanism of AGO3-dependent riRNAmediated post-transcriptional regulation, we performed immunoprecipitation using a specific monoclonal antibody to AGO3 (clone 4B1-F6) and analyzed the precipitates by mass spectrometry (Fig. 5a) . Among the proteins that associated with AGO3, RCD8 (also known as enhancer of decapping complexes 4 or EDC4) was of particular interest because it helps recruit DCP2 and stabilizes the DCP1a-DCP2 complex to remove the 5′ capped structure of target mRNAs 39 , which is a prerequisite for subsequent degradation by the exonuclease XRN1 (ref. 40) . We then confirmed the interaction between AGO3 and EDC4 by coimmunoprecipitation (Fig. 5b) . We corroborated the specificity of this protein interaction using another AGO3 antibody that has been characterized to be useful only for immunoblotting and immunofluorescence purposes but not for immunoprecipitation. When this antibody was used in the immunoprecipitation assay as a control, we did not detect the protein interaction (Fig. 5b) . Hence, these findings suggest a decapping mechanism for riRNA-mediated transcript downregulation. To confirm a physical interaction or recruitment of the decapping complex to the target mRNAs, we performed RNA immunoprecipitation using specific antibodies to DCP1a and DCP2. qRT-PCR showed that these decapping components were indeed recruited to the target mRNAs in a manner that was dependent on atRA, AGO3, DR2 Alu and EDC4 (Fig. 5c) . We therefore tested whether knockdown of the decapping complexes and the exonuclease XRN1 would interfere with the riRNA-mediated post-transcriptional regulation. Transfection of the specific siRNAs against these components significantly restored the atRA-reduced transcript levels of the five genes tested Fig. 5d and Supplementary Fig. 7) . These data indicate that the AGO3-associated decapping complexes, at least in part, account for the riRNA-mediated degradation of target mRNAs.
riRNAs regulate progenitor cell proliferation
In accordance with previous reports 41, 42 , we found proliferation inhibition in atRA-treated Ntera2 cells and cells transfected with full-length DR2 Alu. Hence, we evaluated the effects of riRNAs on Ntera2 cell proliferation using a single-cell microinjection technique and found that the injected oligonucleotides caused a similar reduction in KI-67 staining as did atRA treatment (Fig. 6a) . We also found cell proliferation arrest when we injected AluSx expression vectors into Ntera2 cells (Fig. 6b) . Notably, when we first microinjected the cells with siRNAs against AGO3 or DR2 Alu, they sustained their proliferative capacity even in the presence of atRA (Fig. 6b,c) , suggesting that atRA-induced riRNAs are an intrinsic component of the machinery regulating proliferation in stem cells.
DISCUSSION
Together, our data begin to uncover a previously unsuspected aspect of the ligand-induced stem-cell developmental program whereby liganded RAR not only induces its long-recognized Pol II transcriptional program, encoding functionally important proteins that are crucial for differentiation and exit from the stem-cell state but also activates Pol III-dependent transcription of a larger number of DR2-containing ancient Alu repeats that flank the protein-coding transcription units. These repeat-derived transcripts are processed in an as yet incompletely delineated pathway into small riRNAs in the cytoplasm. Although a recent paper reported the potential generation of miRNAs from downstream of various Alu elements 43 , our findings reveal that some new species of small RNAs can be generated from within the Alu repeat. The stable accumulation of DR2 Alu transcripts and their processed small RNA derivatives requires the presence of AGO3, and together they seem to cause the degradation of a subset of Pol IItranscribed coding transcripts, including Nanog and Tdgf1, by targeting the complementary sequences in their 3′ UTRs, causing AGO3-dependent recruitment of EDC4, an important component of the decapping machinery. The EDC4-dependent assembly of the decapping complex and XRN1-dependent digestion of the target mRNAs explain, at least in part, the retinoic acid-induced stem cell exiting from the pluripotency stage (Fig. 7) . These findings reveal a previously unappreciated aspect of retinoic acid-mediated differentiation. We found that depletion of AGO3 or DR2 Alu RNAs markedly impairs the ability of atRA to induce a loss of stemcell proliferation, hence identifying an important function of the processed products of Alu RNAs in stem-cell maintenance and All data shown are the mean ± s.e.m., n ≥ 3. *P < 0.05, **P < 0.01.
Stem cell
Stem-cell mRNAs riRNA-dependent depletion of a specific stem-cell mRNA cohort npg a r t i c l e s proliferation. The mouse genome also harbors 7SL-derived retrotransposons, referred to as short interspersed element B1 repeats 7 , and bioinformatic analyses suggest that these repeats are similarly capable of serving as precursors of riRNAs, indicating a utilization of these retrotransposon-dependent strategies in vertebrate evolution. Because subclasses of Alu repeats also contain consensus sequences for other nuclear receptors and additional classes of regulatory DNAbinding transcription factors, including thyroid hormone receptor and estrogen hormone receptor α 13 , we are tempted to speculate that analogous co-regulated Pol II and Pol III DNA repeat transcriptional programs will be elucidated for many classes of transcription factors, providing a key aspect of regulatory pathways that perturb diverse aspects of development, homeostasis, aging and disease.
METHODS
Methods and any associated references are available in the online version of the paper.
Accession codes. H3K36me3 ChIP-seq, RNA-seq and small RNA-seq data are available with GEO accession number GSE42602.
Corrigendum: DICER-and AGO3-dependent generation of retinoic acidinduced DR2 Alu RNAs regulates human stem cell proliferation In the version of this article initially published, an accession number for the ChIP-seq, RNA-seq and small RNA-seq data was missing. H3K36me3 ChIP-seq, RNA-seq and small RNA-seq data are now available with GEO accession number GSE42602. This information has now been included in the HTML and PDF versions of the article.
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